The influence of past traumatic experiences on the defense cascade in response to affective pictures was e;>(amined in survivors of war and torture. Trauma-exposed refugees with and without Posttraumatic Stress Disorder (PTSD) as 
The chronic hyperarousal and the excessive reactivity to trauma reminders indicate a dysfunctional regulation of the physiological stress system in PTSD patients. Abnonnalities in the physiological system have been confirmed in psychophysio logical research (Buckley & Kaloupek, 2001) . Several studies in PTSD have shown an elevated reactivity to auditory and visual cues associated with the trauma across a variety of physiological measures, including heart rate (HR), blood pressure·(BP), skin conductance (SC), and facial electromyograms (EMGs; Orr & Roth, 2000) . Moreover, studies have shown tha t high resting heart rate in the first days after the traumatic event predicts chronic PTSD (Bryant, 2006; Shalev et aI., 1998) .
Some authors have interpreted the elevated physiological re activity to trauma reminders as an indicator of an excessive stress reaction of trauma survivors. Within the classical stress-response model, the immediate increase of arousal triggered by threat is interpreted as a normal reaction, priming the organism for a rapid fight or flight response. In this context, the enhanced physiological response of the PTSD patients might be interpreted as an adaptive reaction, preparing the trauma survivors for sur vival in a life-threatening context (Silove, Steel, McGorry, & Mohan, 1998) .
However, animal research has shown that an immediate in crease of the sympathetic nervous system following a threat cue does not sufficiently account for the defensive reaction of animals (Fanselow, 1994; Timberlake, 1993) . Rather, reflex reactivity in defense is organized sequentially, reflecting the proximity or im minence of a threat (Bradley, Codispoti, Cuthbert, & Lang, First publ. in: Psychophysiology ; 47 (2010), 2. -pp. 315-322 Konstanzer Online-Publikations-System (KOPS) URL: http://nbn-resolving. de/urn:nbn:de:bsz:352-opus-102764 2001) . In particular, the fight or flight response is preceded by a short period of freezing behavior, characterized by orienting and information gathering (Bracha, 2004; Gray, 1987) . Using fine graded measurement of physiological reactions to emotional pictures, Lang, Davis, and Ohman (2000) suggested that defen sive responding in humans is similarly staged, a phenomenon known as "defense cascade." Contrary to the classical stress re sponse model and in line with the defense cascade perspective, several studies have found that the initial reaction to aversive stimuli is characterized by a decrease rather than an increase of heart rate and is accompanied by an inhibition of the startle response (Bradley, Codispoti, Cuthbert, et aI., 2001; Lang et aI., 2000) . A few seconds after the onset of a threatening stimulus, the direction of the physiological response reverses toward cardiac acceleration and an increase of the startle reflex. The transient pause before the action mobilization is associated with height ened sensory perception and processing of contextual details and has been interpreted as the human counterpart bf the freezing state in animals (Graham, 1979; Sokolov, 1963) . Therefore, in the present article, we use the term "freezing" to refer to the very early orienting response toward aversive stimulation. In contrast, "freezing" in this sense does not refer to the stage "tonic immo bility" (Bracha, 2004 ) that is associated with later processing stages of threat-related cues.
Although a few studies have applied the concept of orienting response to research in PTSD (Elsesser, Sartory, & Ta ckenberg, 2004) , we have found no study with PTSD patients that analyzed heart rate data following affective stimulation at sufficient tem poral resolution to quantify the initial heart rate deceleration in detail. As the decrease of arousal during the orienting response is minimal and transient in comparison to the following fight/flight state, it is difficult to detect and therefore may have been over looked in past research. As alterations of the defense cascade are a central feature of PTSD, it is essential to understand these processes in detail. Thus, the aim of the present study was to examine whether repeated traumatic experiences in the context of war and torture are correlated with alterations in the defense cascade, with a particular focus on the orienting response. As heart rate stands out as one of the most reliable correlates of PTSD across all types of psychophysiological PTSD research (Pole, 2007) and as an increase in heart rate is a sensitive marker of PTSD-related reactivity to trauma-related stimuli (Blanchard et aI., 1996; Miller & Litz, 2004) , we chose heart rate as the dependent measure for autonomic arousal change. As we aimed at finding evidence for alterations of the defence cascade, we used a standard set of emotional (pleasant, unpleasant, and neutral) pictures that has been shown to trigger defensive reactions before (Miller & Litz, 2004) .
Although the number of traumatic event types is the main predictor for the development of chronic PTSD in war survivors (Neuner et aI., 2004) , human beings can be astonishingly resilient after traumatic experiences. Many survivors of war and torture do not fulfill the diagnosis of PTSD or recover spontaneously. To account for this, we compared the response pattern of three groups: survivors with a high number of war and torture expe riences with a diagnosis of PTSD (PTSD group) and without PTSD (resilient group) and healthy controls with no or almost no past traumatic experience (unexposed group). We expected to replicate the HR response pattern that has often been found in healthy participants. That is, unpleasant pictures prompt the greatest orienting response (indicated by an initial deceleration) followed by pleasant and by neutral pictures, respectively (Bradley, Codispoti, Cuthbert, et aI., 2001 ). In addition, we assumed that PTSD patients would respond with an almost immediate elevation in HR response toward aversive pictures mirroring a high threat state (approaching circa-strike of the predator). Sim ilar results have been obtained with individuals with specific phobia (Hamm, Cuthbert, Globisch, & Vaitl, 1997) . For the re silient participants we hypothesized a response pattern falling in between the two other groups, mirroring a cumulative or dose response-like relationship of traumatic events and damage to mental health (Neuner et aI., 2004) .
Methods

Participants
Fifty-nine war and torture-exposed participants and 19 compar ison individuals with no prior war and torture experiences, matched for ethnicity, participated in the study. Trauma-exposed participants were asylum seekers with a history of persecution, PTSD patients were significantly older than the unexposed subjects and less educated when compared to the other two groups. There were no significant differences between unexposed and resilient participants with respect to age and education.
Moreover, the three groups differed with respect to asylum sta tus, with fewer PTSD patients having a safe asylum status com pared to the other two groups.
All participants underwent an extensive standardized clinical interview administered by experienced psychologists and trained translators. The number of prior trauma experiences was as sessed by means of the event checklist of the Clinician Admin istered PTSD Scale (CAPS; Blake et aI., 1995) and the Vivo checklist of war, detention, and torture events (Vivo, 2006) . Participants in the trauma-exposed group differed in their past experiences of war and torture events, while both groups showed an equally high prior trauma-load of CAPS events.
The CAPS was used for the diagnosis of PTSD and rating of PTSD symptoms (severity and frequency). Naturally, PTSD pa tients displayed the highest PTSD severity score, and the resilient participants reported more PTSD symptoms than the almost symptom free unexposed group. Current co morbid DSM -IVaxis one disorders were assessed with the MINI International Neu ropsychiatric Interviews (M.I.N.I.; Sheehan et aI., 1998) . The following co morbid diagnoses were present in the PTSD sample: 28 depressive, 4 dysthymic, 2 alcohol abuse, and I alcohol de pendence disorders. Within the resilient group there were 2 major depressive and 2 dysthymic disorders, and in the unexposed group I participant suffered from depressive and 2 participants from dysthymic comorbid disorders. None of the study partic ipants fulfilled the criteria of current or past schizophrenic, para noid, or other psychotic symptoms. 
Regions of origin Middle East
N(%)
The Balkans sessment of somatic problems revealed significant differences between the groups in reported depressive as well as psychoso matic symptoms. Equivalent to the PTSD severity, the most so matic and depressive symptoms were reported in the PTSD sample, followed by the resilient participants and the unexposed participants, respectively.
Psychoactive medications taken by the PTSD group were antidepressants (n = 11), hypnotics (n 7), neuroleptics (n = 5), and anxiolytics (n 2). The resilient group was signifi cantly less medicated: antidepressants (n 2), hypnotics (n = I), and neu roleptics (n = I). None of the participants in the unexposed group took psychoactive medication at the time of assessment.
Descriptive results as well as significant group differences in demographic and clinical variables are presented in Ta ble I. IThe numbers ofIAPS pictures were as follows: pleasant: 2190, 2214, 2215,2383,244 0,2480,2516,2840,2850, 5130,5510,5740, 7035, 7175, 7217,7491,7500,7590,7595,7700,8190, 5830, 5660,4607,2209; neu tral: 1722,2030,2058,2165,2216,2311,2340,2345,2352,4599,4608, 4641,4653,4660,5260,5700,8185,8200,8380,8496, 74 90, 7130,5390, 2570,2410; unpleasant: 2120, 2900, 3181, 3301, 6190, 6212, 6250, 6312, 6540,6560,6831,6838,9040,9181,94 00,9405,9415,9421,9433,9911, 6821,3550,3530,2800,2053. 4.9, unpleasant: 2.4). Arousal ratings did not differ for pleasant and unpleasant contents, but mean arousal levels for both emo tional categories were significantly higher than for neutral con tents (pleasant: 5.6, neutral: 2.9, unpleasant: 5.8.) Brightness, contrast, and color spectra of the stimuli were matched across picture categories.
Stimuli and Presentation Procedure
As the study included the measurements of the steady-state visual evoked fi eld (not reported here), the pictures were pre sented for the duration of 4 s in a flickering mode, at a IO-Hz cycle, resulting in 40 on/off cycles. Pictures were shown on a white plastic screen in a pseudo random order, with the restriction that no more than three pictures of the same affective category could occur in a row. The interstimulus interval varied randomly between 6 and 8 s.
Heart Rate Recording and PI'oce,�sing Two Ag/AgCI electrodes positioned on the left and right inner forearms recorded heart rate activity, The usual procedure of taking heart rate recordings from the lower rib cage was consid ered inappropriately intimate for the multicultural and severely traumatized participants. Heart rate data were amplifi ed with a Synamps (Neuroscan Laboratories, Sterling, V A) and digitized online at a rate of 678.17 Hz.
Heart rate changes following presentation of affective pictures were evaluated using an in-house algorithm written in MATLAB (Moratti, Keil, & Stolarova, 2004) . The algorithm estimated the heart rate change over 4 s of picture presentation in 250-ms steps using a I-s prestimulus baseline, The HR data were scored according to the phasic model of HR change proposed by Hodes, Cook, and Lang (1985) . That is, the minimum beats per minute (bpm) value during the first 2 s after stimulus onset was scored as the initial deceleration and the maximum value within the next 2 s was considered as the fol lowing acceleration.
Procedure
The clinical interviews were carried out I week before HR re cording in order to control for influences caused by the potential emotional priming by the diagnostic interview. The testing took place in a magnetically shielded chamber because magnet encephalographic (MEG) data were recorded as well (not reported here).
Upon arrival at the laboratory, the participants were pro vided with a full verbal and written explanation of the procedures and gave informed consent to participate. After HR recording, participants rated the 75 affective pictures for emotional valence and arousal using the Self-Assessment Manikin (SAM) self-re port scale (Lang, Bradley, & Cuthbert, 1999) .
Statistical Analysis
Demographic and clinical variables were compared using re peated-measures analysis of variance (ANOVA) for continuous variables and the chi-square test for categorical variables. SAM pleasure and arousal ratings were evaluated using repeated-mea sures ANOVA with group as the between-subjects factor and emotional content (pleasant, neural, and unpleasant) as the within-subjects factor.
Heart rate data were examined for the two different phases (deceleration and acceleration) separately. We applied for each phase a repeated-measures ANOVA with emotional content (pleasant, neural, and unpleasant) as the within-subjects factor and group as the between-subjects factor. Where appropriate, the degrees of freedom were corrected in all ANOVAs using the Greenhouse and Geisser (1959) procedure to account for pos sible violations of the sphericity assumption. Fisher Least Sig nificant Different (LSD) tests were used to investigate signifi cant interaction effects. A linear regression model was applied to ex amine potential predictors of heart rate change in aversive picture processing.
Results
SAM Ratings
As expected, SAM pleasure ratings differed as a function of affective category, F(2,114) 1053.70, p<.OOI, with pleasant pictures rated as most pleasant followed by neutral pictures and unpleasant pictures rated as least pleasant across all participants. Figure I ).
Heart Rate Response
We compared the prestimulus HR of our three groups. There was no significant difference in the averaged prestimulus HR level between the three participant groups, F(2,75) = 0.74, p> .05.
Regarding the whole stimulation interval of 4 s, every group displayed a very distinct cardiac response pattern toward the three different picture categories. The mean heart rate change relative to prestimulus baseline for each group and for each cat egory (pleasant, neutral, and unpleasant) is depicted in Figure 2 . Analyses showed that for both time intervals, gender did not have any significant effect. Any interaction yielded statistical significance: initial deceleration, F(4, 1 44) = 2.14, p> .05; accel eration, F(4, 144) = 0.35, p> .05. However, the main effect for group and the interaction between group and category remained statistically significant even if gender was included.
P"ediction of Initial Heart Rate Changes toward Aversil' e Pictures
To examine potential predictors of the heart rate change toward aversive images in the first two seconds after picture presentation, a linear regression model was calculated. Variables that were po tentially related to the cardiac response toward aversive visual stimuli were included as the predictor variables. Because our main focus was the orienting response, the initial reaction served as the dependent variable. The "initial reaction" was defined as the minimum bpm value during the first 2 s after stimulus onset.
The unexposed participants were excluded from the analysis be cause many individuals in this group reported zero or very few PTSD symptoms and few experiences of war and torture. Results of the analysis are presented in Ta ble 2. *p<.05, "p<.OI.
Discussion
In agreement with previous research (Miller & Litz, 2004) , we found a cardiac acceleration in response to aversive pictures in patients with PTSD. HR acceleration following aversive stimuli was significantly greater in PTSD patients compared to the other two groups. Furthermore, in comparison to both the unexposed and the resilient groups, the orienting response to aversive pic tures was almost absent in participants with PTSD. This shows that the heart rate response in the face of threat is not only stronger but also faster in those with a diagnosis of PTSD. Our results might indicate that in PTSD the defense cascade had been adjusted to allow for a rapid flight response to threatening cues without any further exploration of the stimulus. This finding is consistent with the observation that PTSD patients react to threatening cues and trauma reminders with a hypersensitive alarm system (Rauch et aI., 2000) . Furthermore, our findings might have implications for the interpretation of the attentional bias toward threat cues that has been documented in PTSD (Bryant & Harvey, 1997; Buckley, Blanchard, & Neill, 2000) .
Our findings suggest that, immediately after having identified the threatening quality of a stimulus, PTSD participants mobilize for action rather than exploring the stimulus further in a hypervig ilant state.
Contrary to our assumptions, the resilient group did not show a reaction in between the unexposed group and the PTSD patients but reacted with a specific pattern. In this group, a pronounced indiscriminate orienting response was found for all classes of stim uli including the neutral pictures. These participants who did not develop or who had recovered from PTSD, despite a history of severe past traumatic events, remain in a permanent alert state, which is demonstrated by a distinct orienting behavior toward a wide range of stimuli. However, in contrast to the PTSD partic ipants, who were mobilized and ready for flight, the resilient par ticipants remained in the preencounter stage where the predator has been identified but is still far away. It can be speculated that resilient participants might control their symptoms by pennanently scanning the environment for threatening content and by inhibiting the activation of overt reaction.
A cross-sectional design cannot detennine the causality of the effects. However, in a tentative analysis, we aimed to explore whether the marked difference between PTSD patients and re silient participants in physiological reactivity to aversive stimuli is constitutional (Guthrie & Bryant, 2005) Gender was also a significant predictor for the initial HR response. Yet, because the reanalysis with gender as an additional factor revealed no different outcome, it can be hypothesized that heart rate responses of men and women did not differ substan tially. Only if more variables were taken into account did gender receive some predictive value. Results indicate that women show a greater initial heart rate deceleration in response to viewing aversive pictures compared to men. This finding is in line with previous studies investigating the differences in heart rate re sponding toward aversive pictures in men and women (Bradley, Codispoti, Sabatinelli, et al., 2001 ). Bradley, Codispoti, Sabe telli, et al. (2001) found a stronger deceleration toward aversive pictures in female compared to male subjects and suggested that symbolic picture cues activate the defensive motive system more intensely in women than in men.
What should be noted with respect to the debate about pos sible gender effects in the present study is that men and women significantly differ with respect to the amount of war and torture they have experienced (t = 3.24, df= 54,p< .005). Men reported significantly mote types of war and torture events when com pared to their female counterparts. This confounding effect was another reason why we decided not to focus our analyses on group differences between men and women. Future studies should ideally include female and male trauma survivors with a comparable quantity and quality of traumatic experience, thereby allowing researchers to clearly disentangle gender effects from effects related to trauma severity.
A limitation of the present study is that group differences cannot be solely attributed to PTSD status because there were substantial differences between groups in terms of comorbid disorders, including depression. However, this problem is inher ent in most PTSD research because PTSD is commonly asso- 
